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INTRODUCTION 

An  urgent  need  for  reforestation  exists  in  the  northern  Rocky 
Mountain  region,  including  Montana,  northern  Idaho,  and  north- 
eastern Washington.  The  best  estimate  of  the  area  in  need  of  artificial 
reforestation  is  iy2  million  acres.2  This  nonstocked  area  comprises 
more  than  6V2  percent  of  the  total  commercial  forest  land  area.  The 
need  for  trees  on  this  huge  area  i  urgent  for  three  reasons.  First, 
the  diminishing  supply  of  commercially  valuable  timber  must  be 
replenished  if  the  logging  industry  is  to  continue  as  a  major  source 

1  Preliminary  work  on  the  project  in  this  region  was  started  in  1936  by  R.  H. 
Weidman.  The  senior  author  was  assigned  to  the  project  in  1937  and  carried 
out  the  experiments  described  until  March  1941.  The  junior  author  completed 
held  observations  made  after  1941.  The  authors  are  indebted  to  their  prede- 
cessors and  to  Kenneth  P.  Davis,  C.  A.  Wellner,  and  G.  M.  DeJarnette  for 
numerous  helpful  suggestions. 

■  Information  supplied  by  P.  D.  Kemp,  Division  of  Forest  Economics,  Northern 
Rocky  Mountain  Forest  and  Range  Experiment  Station,  Missoula,  Mont. 
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of  income  for  the  population  of  the  region.  Second,  tree-covered 
watersheds  are  necessary  to  help  maintain  a  steady  flow  of  the  streams 
which  feed  the  Columbia  River  with  its  gigantic  power  and  irriga- 
tion developments  in  the  region  west  of  the  Continental  Divide. 
Third,  recreational  facilities  would  be  improved. 

Reforestation  work  of  the  Forest  Service  in  this  region  has  pro- 
gressed slowly.  To  date  113.000  acres  have  been  planted,  less  than 
one-tenth  of  the  potential  job.  Reforestation  activity  reached  a  peak 
in  coverage  in  1940  when  10.490  acres  were  planted,  but  during  the 
war  years  planting  was  greatly  curtailed.  Obviously  the  rate  of 
reforestation  must  be  speeded  up  if  the  deforested  lands  of  the  north- 
ern Rocky  Mountain  region  are  to  be  restored  to  a  productive  condi- 
tion within  a  reasonable  number  of  years. 

The  experiments  with  direct  seeding  which  are  described  in  this 
paper  were  initiated  in  1937  to  develop  methods  that  might  supple- 
ment, increase  the  flexibility,  or  lower  the  costs  of  the  reforestation 
program.  Reforestation  practice  at  that  time  was  based  wholly  upon 
field  planting  of  trees  propagated  in  nurseries.  Tree  planting  is  a 
widely  used  method  which  assures  production  of  a  near  maximum 
number  of  thrifty  young  trees  from  a  given  quantity  of  seed  because 
the  seedlings  can  be  given  good  protection  and  care  while  young  and 
tender.  Tree  planting  also  has  certain  draw-backs  which  might  be 
eliminated  or  lessened  in  the  use  of  direct  seeding.  The  long  delay 
between  collection  of  the  seed  and  field  planting  could  be  reduced. 
Packing  and  transporting  of  trees  from  the  nursery  to  the  planting 
site  and  the  large  expenditures  for  labor  in  the  nursery  could  be 
eliminated. 

During  the  period  from  1937  to  1940  seeds  of  most  of  the  principal 
native  trees  of  economic  importance  were  sown  on  various  test  areas, 
using  several  methods  for  sowing  and  protecting  the  seeds.  Exam- 
inations to  measure  subsequent  survival  were  continued  on  the  ma- 
jority of  the  plots  until  the  seedlings  were  5  years  old. 

FACTORS  AFFECTING  THE  SUCCESS  OF  SEEDING 

Background 

Seeding  on  the  national  forests  of  the  northern  Rocky  Mountains 
was  first  attempted  in  1908,  but  7  years  later  the  method  was  aban- 
doned and  replaced  by  the  more  successful  practice  of  planting  nurs- 
ery-grown trees.  A  critical  review  of  the  early  seeding  projects,  how- 
ever, reveals  that  the  potential  usefulness  of  seeding  as  a  method  of 
reforestation  was  not  complete^  tested. 

The  earliest  seedings  were  made  on  very  dry  sites,  some  of  which 
were  not  naturally  forested.  Seeds  were  sown  by  hand  or  with  a 
corn  planter  in  plowed  furrows,  in  spots  prepared  with  a  mattock, 
and  by  broadcast  sowing  on  snow  and  exposed  ground  surfaces.  These 
attempts  generally  were  unsuccessful  in  establishing  forests.  Seed- 
eating  rodents  frequently  were  reported  as  a  major  cause  of  failures, 
although  severe  sites  were  also  regarded  as  a  factor  limiting  success. 

After  the  1910  fires,  which  left  over  2  million  acres  of  land  de- 
forested in  western  Montana  and  northern  Idaho,  seeding  operations 
were  transferred  to  the  burned  area  and  conducted  on  a  large  scale 
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for  5  years.  The  results  were  generally  disappointing.  Frequently 
it  was  reported  that  although  adequate  germination  had  been  ob- 
tained, practically  all  seedlings  died  of  drought  during  the  first  two 
growing  seasons.3 

By  1915  the  number  of  seeding  failures  had  become  sufficiently  im- 
pressive to  cause  the  replacement  of  direct  seeding  with  tree  planting 
as  a  method  of  reforestation.  In  7  years,  451  sowings  had  been  made 
on  an  aggregate  area  of  17,356  acres,  but  according  to  recent ty  com- 
piled stocking  figures  4  only  566  acres  or  3  percent  of  the  total  seeded 
area  had  more  than  250  trees  per  acre. 

Outstanding  success,  however,  was  achieved  on  two  areas  that  were 
seeded  following  the  1910  burn.  One  near  the  Savenac  Nursery  at 
Haugan.  Mont.,  was  sown  in  the  spring  of  1911  with  ponderosa  pine 
(Pinus  ponderosa)  seed.  This  project  included  broadcast  sowing  as 
well  as  spot  sowing  by  hand  and  with  a  corn  planter.  All  methods  re- 
sulted in  the  establishment  of  more  than  500  trees  per  acre.  Success 
was  attributed  to  the  absence  of  rodents,  which  were  killed  or  driven 
out  by  the  fire,  and  to  abundant  precipitation  during  the  first  growing 
growing  season.  The  other  notable  success  was  obtained  also  with 
ponderosa  pine  a  few  miles  east  of  Haugan.  This  area,  however,  was 
not  sown  until  the  spring  of  1915.  The  seeds  were  soaked  in  water  for 
3  days  and  then  planted  by  hand  in  spots  prepared  with  a  potato  hook. 
The  first  growing  season  was  favorable  with  respect  to  precipitation  on 
this  area,  but  the  absence  of  rodent  damage  was  not  explained. 

Unfortunately,  the  records  are  not  complete  with  respect  to  all 
details  that  might  explain  why  success  was  obtained  on  these  par- 
ticular areas  when  so  many  others  failed.  Weather  records  show 
that  growing  season  (May  to  August,  inclusive)  precipitation  for  six 
selected  stations  in  northern  Idaho  and  western  Montana  was  1.59 
inches  (21  percent)  greater  than  normal  during  the  period  1911  to 
1916,  inclusive,  and  was  well  distributed  throughout  each  season. 
Specific  information  is  lacking  on  rodent -control  methods,  if  any, 
which  were  used  on  the  successful  areas.  Many  of  the  old  planting 
reports  mention  the  use  of  red  lead  for  dusting  seeds  before  sowing  and 
some  refer  to  use  of  poisoned  oats  as  a  presowing  control  measure,  but 
no  data  are  available  to  show  the  effectiveness  of  these  treatments. 

Following  the  administrative  seeding  trials,  a  series  of  intensive 
experiments  was  undertaken  between  1915  and  1921  in  an  attempt  to 
discover  the  causes  of  failure  and  to  develop  a  successful  seeding 
method. 

These  experiments,  as  described  by  Wahlenberg  (15) 5  did  not  show 
how  direct  seeding  could  be  made  a  success,  but  they  furnished  consid- 
erable definite  information  concerning  obstacles.  Wahlenberg  found 
that  large  seeds,  such  as  those  of  western  white  pine  (Pinus  monticola  ) 
and  ponderosa  pine,  usually  were  destroyed  by  rodents  before  germina- 
tion, but  small  seeds,  such  as  those  of  Engelmann  spruce  (  Pici  a  <  ng(  /- 
manni)  and  western  redcedar  (Thuja  plicata),  were  not  subject  to  this 


3  U.    S.   Forest   Service   annual   planting   report  for  the   calendar   year   1012. 
District  1  File  Report.    1013.     [Typewritten.] 

4  U.   S.  Forest   Service  annual   planting  report  for  the  calendar   year  103S. 
Region  1.    80  pp..  illus.    1030.     [Processed.] 

5  Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  30. 
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kind  of  damage  to  a  serious  degree.  He  also  reported  that  drought 
was  the  foremost  cause  of  loss  among  seedlings,  cutworms  were  next 
in  destructiveness,  and  frost  heaving  caused  many  losses.  Lastly, 
Wahlenberg  indicated  a  desire  to  make  further  tests  of  seeding  in  fresh 
ashes  after  fires. 

Experimental  Design  and  Procedure 

The  initial  phase  of  the  present  study  differed  from  Wahlenberg's 
earlier  experiments  in  two  important  aspects — location  and  prelim- 
inary preparation  of  the  areas  for  artificial  regeneration. 

The  new  locations  chosen  were  Kali  spell  Creek,  Kaniksu  National 
Forest,  in  northeastern  Washington,  and  Deception  Creek  and  Soli- 
taire Creek,  Coeur  d'Alene  National  Forest,  in  northern  Idaho.  These 
areas  are  clearly  representative  of  kinds  extensively  occupied  by  the 
western  white  pine  forest  association,  in  contrast  to  the  earlier  location 
at  Haugan,  Mont.,  near  the  eastern  fringe  of  the  western  white  pine 
type. 

The  new  studies  were  established  in  areas  from  which  the  merchanta- 
ble trees  in  the  original  overmature  forest  cover  had  been  harvested, 
the  remaining  trees  felled,  and  the  debris  broadcast  burned  following 
the  prescribed  burning  procedure  advocated  by  Davis  and  Klehm  (1) 
(fig.  1).  The  Kalispell  Creek  area  was  seeded  1  year  after  burning; 
the  Deception  Creek  and  Solitaire  Creek  areas  1  month  after  burning. 
On  the  other  hand,  the  earlier  experiments  at  Haugan,  Mont.,  were 
situated  in  an  area  which  had  been  burned  by  an  uncontrolled  forest 
fire  7  to  11  years  prior  to  seeding.  The  new  studies,  therefore,  followed 
Wahlenberg's  expressed  desire  to  test  direct  seeding  on  freshly  burned 
areas. 

The  Kalispell  Creek  plots  were  located  on  a  flat  bench  having  a  fine 
sandy  loam  soil.  The  prescribed  burning  had  left  the  surface  covered 
with  several  inches  of  ash  which,  however,  had  largely  leached  down- 
ward before  the  time  of  seed  sowing.  Evidence  of  podsolization  was 
apparent  in  the  leached  Ax  horizon  (fig.  1) . 

The  specific  factors  chosen  for  study  in  the  Kalispell  Creek  tests 
were  (1)  species  (western  white  pine  vs.  ponderosa  pine)  ;  (2)  rodent 
damage  to  seed  (screened  vs.  unscreened  spots)  ;  (3)  season  of  sowing 
(spring  vs.  fall)  ;  (4)  cultivation  of  soil  (loosened  vs.  undisturbed 
soil). 

Seeds  were  sown  in  spots  in  a  series  of  64  small  plots,  each  36  feet 
square,  in  a  randomized  arrangement  that  replicated  each  test  8  times. 
Each  plot  in  the  fall  sowings  contained  36  seed  spots,  of  which  alter- 
nate spots  were  screened.  In  the  spring-sown  plots  the  number  of 
spots  was  reduced  to  24,  also  with  alternate  spots  screened. 

The  Solitaire  Creek  and  Deception  Creek  plots,  Coeur  d'Alene  Na- 
tional Forest,  were  located  on  north-facing  slopes  with  silt  loam  soils 
containing  considerable  amounts  of  rock  fragments.  Burning,  al- 
though severe,  occurred  when  the  duff  was  very  wet.  Hence  the  duff 
was  left  nearly  intact  and  charred  only  on  the  surface.  Considerable 
organic  material  was  visible  in  the  Ax  horizon. 

The  plots  on  the  Coeur  d'Alene  were  similar  in  design  to  those  at 
Kalispell  Creek,  but  differed  in  that  Engelmann  spruce  was  substi- 
tuted for  ponderosa  pine  in  the  species  comparison.     The  Deception 
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Creek  and  Solitaire  Creek  tests  together  contained  04  plots:  the  same 
number  as  at  Kalispell  ('reek. 

The  seed  spots  were  prepared  for  sowing  by  stripping  the  ashes, 


Figure  1. — Sites  of  seeding  plots:  A,  Kalispell  Creek.  Kaniksu  National  Forest; 
B,  Deception  Creek,  Coeur  d'Alene  National  Forest. 
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humus,  roots,  and  vegetation  from  small  sections  of  ground  about  18 
inches  in  diameter  with  a- hazel  hoe.  On  the  so-called  cultivated  spots 
the  soil  was  loosened  to  a  depth  of  6  to  8  inches. 

Circular  depth  guides,  %  inch  thick  for  pine,  and  %  inch  for  spruce, 
with  an  inside  diameter  of  6  inches,  were  used  to  insure  a  uniform 
depth  of  covering  of  the  seeds.  The  surface  of  a  spot  was  made  smooth 
and  parallel  to  the  slope  of  the  ground,  the  depth  guide  was  placed 
on  the  smoothed  spot,  the  seeds  were  scattered  inside  the  guide  and 
covered  with  mineral  soil  even  with  the  top  of  the  guide.  The  guide 
was  then  removed. 

Rodents  were  barred  from  half  of  the  spots  by  cone-shaped  screens 
made  from  3-mesh-per-inch  galvanized  hardware  cloth.  The  screens 
were  8  inches  in  diameter  at  the  base.  They  were  sunk  into  the  soil 
about  1%  inches.  The  major  steps  in  the  technique  are  illustrated 
in  figure  2. 

Fall  sowings  were  made  during  the  period  October  11  to  October  29, 
1937,  and  spring  sowings  between  May  2  and  June  2,  1938.  The  white 
pine  seed  used  in  the  spring  sowings  was  stratified  in  moist  sand  for 
6  to  10  weeks  prior  to  planting  because  of  the  well-known  delayed 
germination  characteristics  of  western  white  pine  (4,  Hi)  •  Ponderosa 
pine  and  Engelmann  spruce  seeds  were  soaked  in  water  for  3  days 
prior  to  spring  sowing. 

Results 
germination 

The  most  striking  result  of  the  experiment  was  the  marked  gain  in 
germination  of  both  pine  species  obtained  by  screening  to  exclude 
rodents  (table  1).  Within  2  days  after  the  fall  sowings,  76  percent 
of  the  unscreened  pine  spots  showed  evidences  of  rodent  digging. 
More  spots  were  stocked  and  the  numbers  of  seedlings  within  spots 
were  greater  under  screens.  These  differences  are  almost  certainly  a 
result  of  rodent  depredations. 

Considerable  variation  in  the  proportion  of  spots  molested  occurred 
between  plots  and  between  species.  These  variations  may  be  partly 
chance,  partly  due  to  differences  in  rodent  populations  between  sites, 
and  perhaps  partly  a  matter  of  species  preference.  On  one  plot  73 
percent  of  the  white  pine  spots  were  disturbed,  as  compared  to  20 
percent  for  ponderosa  pine.  This  apparent  instance  of  species  prefer- 
ence is,  however,  confused  by  the  fact  that  the  white  pine  seed  had 
been  freshly  extracted,  and  therefore  possibly  gave  off  stronger  or 
more  attractive  odors  than  the  1-year-old  ponderosa  pine  seed. 

Spruce  benefited  less  from  screening  than  the  pines.  This  probably 
can  be  accounted  for  bv  the  relatively  small  size  of  the  spruce  seeds 
(223,000  per  pound  as  compared  to  27,000  for  white  pine,  and  16,000 
for  ponderosa  pine)  {IS),  which  may  cause  them  to  be  less  attractive 
or  more  easily  overlooked  by  the  rodents. 

The  differences  in  germination  due  to  screening,  plus  the  evidences 
of  animal  activity  in  the  seed  spots,  indicate  that  burning  was  not 
sufficiently  effective  in  eliminating  rodents  to  permit  successful  seed- 
ing of  the  large-seeded  pines  without  additional  control  measures. 
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Figure  2. — Major  steps  in  sowing  screened  seed  spots.  A.  Soil  is  cultivated  and 
leveled;  depth  guide  and  seeds  are  in  place.  Ii,  Seeds  are  covered  with  soil  by 
filling  in  the  guide.     Trench  for  setting  the  screen  is  being  dug.     G,  The  depth 

guide  is  removed,  the  screen  is  set  in  place,  and  the  trench  is  filled  in.    Scree I 

seed  spot  is  completed. 
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SEEDING  AS  A   MEANS   OF   REFORESTATION  9 

This  observation  is  supported  by  Horn's  6  report  of  finding  mice  and 
their  offspring  in  the  center  of  a  1,000-acre  burn  2  days  after  a  fire 
on  the  Lassen  National  Forest  in  California. 

Fall  sowing  was  generalhT  much  superior  to  spring  sowing  for 
both  pine  species  but  Engelmann  spruce  germinated  equally  well  from 
both  spring  and  fall  sowings.  Quantitative  comparisons  of  germi- 
nation of  pine  seeds  in  the  spring  and  fall  sowing  are  not  possible 
because  different  seed  collection  lots  were  used  for  the  two  seasons. 
The  results  were  reasonably  consistent  with  Olson's  (8)  recommen- 
dation that:  (1)  western  white  pine  must  be  sown  in  the  fall;  (2) 
ponderosa  pine  may  be  sown  either  in  spring  or  fall  but  fall  sowing 
gives  slightly  more  satisfactory  germination;  (3)  Engelmann  spruce 
may  be  sown  either  in  late  autumn  or  spring,  but  spring  sowing  is 
recommended  because  fall  sowing  permits  some  possibility  of  harm 
from  too-prompt  germination  and  subsequent  winter  injury  if  the  seed 
is  planted  too  early. 

In  addition  to  the  evidence  that  fall-planted  seeds  germinate  as 
well  as  or  better  than  spring-planted  seeds,  there  are  other  cogent 
reasons  for  advocating  fall  sowing  in  the  northern  Rocky  Mountains. 
The  autumn  season  is  long — the  spring  season  is  short.  Hence  the 
period  suitable  for  planting  in  the  fall  is  longer  than  in  the  spring. 
The  spring  season  is  followed  by  a  long,  dry  summer.  The  earlier 
seed  can  be  induced  to  germinate  the  better  are  the  chances  for  the 
seedlings  to  develop  adequate  root  systems.  Mountain  roads  often 
are  impassable  until  the  spring  season  is  well  advanced,  and  thus 
many  planting  sites  are  not  accessible  until  rather  late  when  dryness 
of  the  soil  may  make  germination  uncertain.  Fall  sowing,  on  the 
other  hand,  permits  seeds  to  germinate  at  the  earliest  possible  time 
in  the  spring. 

Cultivating,  or  loosening  the  soil  in  the  spots  prior  to  sowing,  had 
no  appreciable  effect  on  germination,  a  result  similar  to  that  found 
by  McQuillan  (6)  on  eroded  or  sparsely  vegetated  sites  in  the  Pied- 
mont region. 

The  large  numbers  of  seedlings  found  in  some  screened  spots  (table 
1)  indicated  that  the  actual  rate  of  seeding  considerably  exceeded 
the  intended  rate  of  about  20  seeds  per  spot.  However,  this  does  not 
invalidate  the  comparisons  of  the  different  experimental  treatments 
because  presumably  the  sowings  were  rather  consistently  heavy.  Upon 
completion  of  germination,  overstocked  plots  were  thinned  to  15 
seedlings  each,  so  that  subsequent  survival  records  do  not  reflect  the 
originally  excessive  numbers  of  seedlings. 

ESTABLISHMENT  OF  SEEDLINGS 

The  sites  chosen  for  these  experiments  evidently  were  decidedly 
favorable  for  seedling  establishment.  There  were  no  serious  reduc- 
tions in  the  numbers  of  spots  supporting  one  or  more  live  seedlings 
up  to  the  end  of  the  fifth  growing  season.  The  average  stocking  of  all 
species  combined  on  fall-sown  screened  spots  at  the  end  of  the  first 
growing  season  was  94  percent;  by  the  end  of  the  fifth  year  it  had 
declined  to  84  percent  (table  2). 

"Horn.  E.  E.    Some  California  wildlife-forest  relationships.    Bur.  Biol.  Survey, 

Wildlife   Research   and    Management    leaflet   BS-132.      D.    S.    Dept.   Agr.   1939. 
[Processed.] 
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Table  2. — Stocking  on  plots  sown  in  fall  and  spring,  1937-38 
Spots  Screened  During  First  Year 


Stocking 

pi 

Species  and  location 

First 
year 

Second 
year 

Third 
year 

Fifth 
year  2 

Seedlings 

per  stocked 

spot,  fifth 

year 

Ponderosa  pine: 
Kaniksu: 
Fall 

Percent 

100 

64 

87 
32 

92 

82 

96 
90 

Percent 
100 

72 

88 
36 

83 
94 

92 

88 

Percent 
99 
72 

80 
36 

80 
91 

83 

83 

Percent 
99 

Number 
12.  6 

Spring 

Western  white  pine: 
Kaniksu: 

Fall        

79 

7.0 

Spring 

Coeur  d'Alene: 

Fall               .    _ 

78 

6.3 

Spring 

Engelmann  spruce: 
Coeur  d'Alene: 
Fall 

80 

3.7 

Spring 

Mean  of  all  species: 

Fall            

94 
67 

91 

72 

86 
70 

84 

7.  4 

Spring 

Mean  of  all  screened  spots 

80 

82 

78 

1 

Unscree> 

fed  Spots 

Ponderosa  pine: 

Kaniksu: 

Fall 

Spring 

Western  white  pine: 

Kaniksu: 

Fall 

Spring 

Coeur  d'Alene: 

Fall 

Spring 

24 
10 

19 
1 

40 
20 

84 
68 

23 
32 

22 

12 

38 

58 

76 
66 

23 
32 

20 

8 

36 

58 

70 
62 

20 

1.4 

19 

1.6 

36 

1.6 

Engelmann  spruce: 
Coeur  d'Alene: 

Fall 

64 

3.  6 

Spring                    

Mean  of  all  species: 

Fall 

42 
25 

40 
42 

37 
40 

35 

2.  0 

Spring                    _   _   _ 

Mean  of  all  screened  spots 

33 

41 

39 

1  Percent  of  spots  with  one  or  more  seedlings.     Increases  in  second  year  were 
due  to  delayed  germination. 

2  Examinations  of  spring-sown  plots  discontinued  after  third  year. 
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Spring-sown  pine  spots  showed  a  slight  increase  in  storking  during 
the  second  growing  season  as  a  result  of  delayed  germinal  ion.  During 
the  third  growing  season  the  losses  were  slight.  Survival  counts  were 
discontinued  on  the  spring  sowings  at  the  end  of  the  third  year. 

Ponderosa  pine  on  screened  spots  made  the  best  showing  in  terms 
of  stocking  at  the  end  of  the  fifth  growing  season.  Although  neither 
spruce  nor  white  pine  on  screened  spots  did  as  well  as  the  ponderosa 
pine,  their  stocking  also  was  clearly  satisfactory.  Among  the  un- 
screened spots  only  Engelmann  spruce  had  reasonably  high  stocking, 
64  percent,  at  the  end  of  5  years. 

The  establishment  of  seedlings  on  these  plots  was  considerably  bet- 
ter than  survival  of  tree  plantings  where  direct  comparisons  were 
available.  A  plantation  of  2-2  white  pine  nursery  stock  adjacent  to 
one  of  the  seeding  plots  on  the  Coeur  cVAlene  National  Forest  had  a 
survival  of  65  percent  at  3  years  compared  to  a  stocking  of  80  per- 
cent for  the  fall-sown,  screened  white  pine  seed  spots.  A  plantation 
of  2-0  ponderosa  pine  adjoining  one  of  the  Kaniksu  plots  had  a  sur- 
vival of  69  percent  at  3  years  in  contrast  with  a  stocking  of  100 
percent  for  fall-sown  screened  ponderosa  pine  seed  spots. 

Although  this  experiment  was  not  concerned  primarily  with  causes 
of  seedling  mortality,  examinations  were  frequent  enough  during  the 
first  growing  season  to  permit  identification  of  the  principal  types 
of  injury  that  caused  deaths.  Determination  of  the  specific  causal 
agent,  however,  was  not  always  possible. 

Cutting  or  clipping  of  the  tops  from  the  seedlings  was  one  of  the 
major  kinds  of  injury.  Cutting  accounted  for  5  percent  loss  in  seed- 
lings on  the  fall-sown  spots,  and  12  percent  of  the  spring-sown  spots. 
Some  seedlings  were  cut  off  at  the  ground  line,  others  an  inch  or  more 
above  the  ground  line,  and  on  a  few  the  apical  growth  was  cut  off 
flush  with  the  cotyledons,  leaving  the  latter  intact.  A  number  of 
different  biotic  agents  seem  to  have  participated  in  the  cutting,  but 
none  were  identified.  Since  all  forms  of  cutting  were  observed  in 
screened  spots,  as  well  as  in  the  unscreened  spots,  the  damage  appar- 
ently was  caused  by  insects.  Cutworms,  grasshoppers,  and  other 
insects  may  have  had  a  part. 

Drought  and  heat  injury  combined  destroyed  5  percent  of  the  seed- 
lings on  fall-sown  plots  and  6  percent  of  those  on  the  spring-sown 
plots.  This  difference,  although  slight,  possibly  gives  a  clue  as  to 
the  greater  sensitivity  of  spring-sown  seedlings  to  drought  and  heat 
injury  during  years  of  severe  drought. 

The  growing  season  of  1940  was  less  favorable  than  average  for 
seedling  establishment.  Precipitation  at  the  Priest  River  Experi- 
mental Forest  weather  station  during  the  period  May  through  August 
totaled  2. To  inches  in  1910  compared  with  a  normal  of  6.75  inches. 
At  the  Wallace,  Idaho,  weather  station,  precipitation  amounted  to  4.15 
inches  during  the  same  period  in  1940,  but  the  normal  is  8.25  inches. 
The  Priest  River  and  Wallace  stations  are  believed  to  give  reasonably 
reliable  indices  of  precipitation  for  the  plot  locations  at  Kalispell 
Creek  and  on  the  Coeur  d'Alene  National  Forest,  respectively. 

Wahlenberg  (IS)  found  drought  and  insolation  to  be  major  causes 
of  seedling  mortality  in  his  seeding  experiments.  The  probable  reason 
why  they  were  so  unimportant  in  the  present  study  is  that  the  sites  on 
which  the  experiments  were  made  were  favorable.    The  major  factor- 
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that  made  the  experimental  areas  advantageous  for  seedling  establish- 
ment appear  to  have  been  (1)  the  availability  of  moisture  and  (2)  the 
relative  coolness  of  the  soil  surface.  Larsen  (6)  has  shown  that  from 
the  standpoint  of  moisture  supply  and  high  soil  surface  temperatures 
northeast  slopes  excel,  flats  are  intermediate,  and  southwest  slopes  are 
least  favorable  for  seedling  establishment. 

Some  special  studies  were  made  to  ascertain  the  relationship  be- 
tween drought  losses  and  root  penetration  of  the  seedlings  during  the 
first  growing  season.  Considerable  correlation  was  found.  Fall-sown 
ponderosa  pine  seedlings  on  one  of  the  Kalispell  Creek  areas  pene- 
trated 15.5  inches  on  the  average  by  the  end  of  the  first  growing  sea- 
son, western  white  pine  on  one  of  the  Coeur  d'Alene  plots  10.0  inches, 
and  Engelmann  spruce  5.9  inches.  Drought  losses  during  the  first 
season  averaged  1.5  percent  for  ponderosa  pine,  3.8  percent  for  white 
pine,  and  11.8  percent  for  Engelmann  spruce.  By  way  of  comparison, 
some  2-2  white  pine  planting  stock  which  had  been  root  pruned  to  8 
inches  was  found  to  have  reached  an  average  depth  of  14.3  inches,  a 
net  penetration  of  6.3  inches,  after  one  season  in  the  field  (fig.  3). 
The  suitability  of  the  three  species  for  direct  seeding  on  sites  of  varying 
degrees  of  dryness  can  be  inferred  to  a  considerable  degree  from  their 
initial  rooting  habits. 

Damping-off  fungi  killed  5  percent  of  the  seedlings  on  the  fall- 
sown  plots  but  only  2  percent  on  the  spring-sown  plots.  Total 
mortality,  however,  from  all  causes  during  the  first  3  years  following 
sowing  was  4  percent  less  on  fall-sown  than  on  spring-sown  plots. 

Frost  heaving  caused  extensive  damage  to  Engelmann  spruce  during 
the  first  winter  following  germination,  but  was  not  severe  enough  to 
reduce  stocking  of  the  seed  spots. 

The  use  of  screens  appeared  to  reduce  mortality  slightly,  a  result 
in  agreement  with  the  report  by  Fo wells  and  Arnold  {2)  that  conical 
wire  screens  have  a  beneficial  shading  effect  on  seedlings.  After 
removal  of  the  screens,  losses  on  formerly  screened  and  originally 
unscreened  spots  were  nearly  equal. 

Some  of  the  spots  were  thinned  to  one  seedling  per  spot  in  order  to 
compare  growth  with  that  of  more  densely  stocked  spots.  Nine 
years  later,  the  stem  diameters  of  dominant  white  pine  seedlings  on 
thinned  fall-sown  spots  on  the  Coeur  d'Alene  National  Forest  and 
Kalispell  Creek  plots  averaged  0.82  and  1.53  inches,  respectively,  com- 
pared with  0.80  and  1.12  inches  for  the  dominant  seedlings  on  the 
corresponding  unthinned  spots.  The  stem  diameters  of  dominant 
ponderosa  pine  seedlings  aA7eraged  2.85  inches  on  thinned  spots,  1.75 
inches  on  unthinned  spots.  Dominant  Engelmann  spruce  seedlings 
averaged  0.49  and  0.46  inch  on  thinned  and  unthinned  spots,  respec- 
tively. 

No  appreciable  differences  in  height  growth  occurred  as  a  result  of 
thinning.  Although  the  average  total  height  of  9-year-old  dominant 
seedlings  varied  from  2.1  feet  for  Engelmann  spruce  on  unthinned  spots 
to  7.9  feet  for  ponderosa  pine  on  unthinned  spots,  the  average  heights  of 
dominant  seedlings  on  thinned  and  unthinned  spots  did  not  differ  more 
than  0.6  foot  for  any  one  species. 

Mortality  on  thinned  spots  was  considerably  less  than  on  unthinned 
spots.  This  difference  would  be  expected,  however,  as  only  the  most 
vigorous  seedlings  remained  on  the  thinned  spots. 
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Figure  3. — Nursery  stock  and  1  -year-old  seedlings  from  fall-sown  seed  after 
the  first  growing  season  in  the  field :  A,  Western  white  pine  2-2-1  spring- 
planted  trees  root-pruned  to  8  inches  before  planting  and  grown  in  the  field 
near  one  of  the  seeding  plots  on  the  Coeur  d'Alene  National  Forest ;  B,  western 
white  pine  seedlings  from  one  of  the  seeding  plots  on  the  Coeur  d'Alene  Na- 
tional Forest;  C.  Engelmann  spruce  seedlings  from  same  plot  as  seedlings  in 
B;  D,  ponderosa  pine  seedlings  from  one  of  the  seeding  plots  on  the  Kaniksu 
National  Forest. 

DEVELOPMENT  OF  PRACTICAL  SEEDING  METHODS 

Western  White  Pine 


EXPERIMENTS  WITH  POISONS  FOR  RODENT  CONTROL 

The  demonstration  that  large-seeded  pines  could  be  direct  seeded 
successfully  when  adequate  protection  from  rodents  was  provided  led 
to  a  search  for  a  method  suitable  for  use  on  an  administrative  scale. 
The  screening  method  used  in  the  experiment  just  described  was  too 
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expensive  for  use  on  large-scale  operations,  so  poisoning  methods 
developed  by  the  Wildlife  Research  'Laboratory  of  the  Fish  and  Wild- 
life Service  were  tested  with  their  cooperation. 

Two  methods  were  tried,  both  singly  and  in  combination.  Under 
one  method  the  seeding  area  was  baited  with  hulled  sunflower  seed 
which  had  been  soaked  in  a  solution  of  thallium  sulfate.  One  pound 
of  bait  per  acre  was  applied  1  week  before  sowing.  The  other 
method  consisted  of  coating  the  tree  seed  with  a  mixture  of  plaster  of 
paris,  yellow  dextrine,  corn  meal,  and  strychnine  alkaloid.  The  first 
tests  of  the  adequacy  of  poisons  for  rodent  control  were  made  with 
white  pine  seed  using  both  poisoning  methods. 

Although  the  minimum  size  of  an  adequate  test  area  may  depend 
on  the  rodent  population,  this  factor  was  not  investigated.  The  size 
of  the  larger  of  the  two  areas,  located  in  the  previously  described 
Kalispell  Creek  drainage  (fig.  1),  was  arbitrarily  set  at  50  acres.  An 
area  of  11  acres  was  also  selected  in  the  previously  described  Deception 
Creek  drainage.  Both  areas  were  seeded  in  the  fall  of  1938,  1  year 
after  they  had  been  burned.  A  third  test  was  made  in  the  fall  of  1910 
on  a  97-acre  area  of  north-  and  east -facing  slopes  near  the  headwaters 
of  the  Xorth  Fork  of  the  Coeur  d'Alene  River,  Coeur  cVAlene  National 
Forest.     This  area  was  also  prescribed  burned  1  year  previous  to 


F-432993 

Figure  4. — Site  of  50-acre  seeded  area  (blackened  area)  in  the  Kalispell  Creek 
drainage,  Kaniksu  National  Forest,  Wash.,  as  of  May  1939.  The  weed-covered 
area  in  the  foreground  is  a  1-year-old  burn. 
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Although  a  quantitative  estimate  of  the  rodent  population  on  these 
areas  was  not  made,  evidence  of  the  presence  of  rodents  was  obtained 
on  t lie  Kalispell  Creek  area  3  weeks  after  it  was  burned  and  before 
spreading  the  poisoned  bait.  Five  chipmunks  (Eutamias  spp.)  and 
'2.1  white-footed  mice  (Peromyscus  spp.)  were  caught  over  a  period  of 
4  days  in  24  traps,  baited  and  set  daily.  No  traps  were  set  on  the 
Deception  Creek  area  but  indications  of  the  presence  of  rodents  on  the 
site  were  noted  the  previous  year  on  a  nearby  seeding  plot. 

Poisoning  before  seed  sowing  was  accomplished  by  spreading 
poisoned  bait  in  small  piles  approximately  20  feet  apart.  As  some 
rodents  were  attracted  by  disturbances  of  the  soil,  the  bait  spots  might 
have  been  more  effective  if  they  had  simulated  seed  spots.  Xo  border 
strip  of  bait  was  used  outside  the  seeding  area. 

Poison-coated  seed  of  white  pine  was  sown  on  the  Kalispell  Creek 
and  Deception  Creek  areas  in  spots  spaced  8  feet  apart  with  approxi- 
mately 20  seeds  per  spot.  Sowing  crews  were  equipped  with  hazel 
hoes  for  preparing  seed  spots.  Each  crew  member  carried  his  coated 
seed  in  a  Xo.  21/0  can  fitted  with  a  spring-hinged  lid  and  with  a  metal 
belt  loop  as  shown  in  figure  5.  A  can  of  this  size  will  hold  1  pound  or 
approximately  10,000  poison-coated  white  pine  seeds,  a  quantity  more 
than  sufficient  for  a  day's  work.  Although  the  men  were  instructed 
to  cover  the  seeds  with  three-eighths  of  an  inch  of  mineral  soil,  many 


Figure  5. — Seed   can 


used  as  crew  equipment  en  large-scale 
Scale  is  in  inches  and  tenths. 


tests  of  seeding. 
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spots  were  found  with  a  deeper  covering  than  specified.  In  order 
to  speed  up  the  work,  the  crews  were  not  equipped  with  depth  guides. 

An  administrative  application  of  the  methods  tested  on  the  Kali- 
spell  Creek  and  Deception  Creek  plots  was  made  in  the  97-acre  sow- 
ing carried  out  in  1940.  Spots  were  spaced  7.5  feet  apart  using  meth- 
ods previously  described. 

Stocking,  5  years  after  sowing,  was  satisfactory  (table  3).  The 
increase  in  stocking  during  the  second  year  on  the  Kaniksu  and  Coeur 
d'Alene  River  plots  was  the  result  of  second-year  germination  in  spots 
previously  without  seedlings.  Delayed  germination  more  than  offset 
the  second-year  mortality.  The  greater  stocking  on  the  Coeur  d'Alene 
plot  probably  is  attributable  to  more  favorable  site  conditions. 

Table  3. — Germination  and  stocking  on  prepoisoned  areas,  fall-sown 
with  poison-coated  seed  oj  western  white  pine 


Kalispell   Creek 
(50  acres)1 

Deception  Creek 
(11  acres)1 

North     Fork, 

Coeur    d'Alene 

River  (97  acres)2 

Item 

Stocked 
spots 

Average 
seed- 
lings 
per 

stocked 
spot 

Stocked 
spots 

Average 
seed- 
lings 
per 

stocked 
spot 

Stocked 
spots 

Average 
seed- 
lings 
per 

stocked 
spot 

Germination 

Percent 
76 

68 
70 
68 
67 

Number 
3.5 

3.  1 
3.  2 
3.3 
3.2 

Percent 
93 

85 
82 
80 
79 

Number 
4.8 

4.  2 
4.  2 
3.8 
3.4 

Percent 
78 

.    61 
62 
63 
62 

Number 
2.  5 

Stocking: 

First  year 

Second  year 

Third  year 

Fifth  year 

2.  2 
2.9 
3.0 
3.0 

1  Sown  in  1938. 

2  Sown  in  1940. 

These  tests  indicate  that  direct  seeding  of  white  pine,  using  poisons 
for  rodent  control,  is  a  feasible  method  of  reforestation  on  freshly 
burned  northerly  slopes  and  flats. 

The  importance  of  proper  depth  of  sowing  was  demonstrated  on 
the  Kalispell  Creek  area  in  a  comparison  of  germination  in  regular 
crew-sown  spots  with  spots  sown  by  trained  technicians  using  depth 
guides.  An  estimated  20  seeds  per  spot  were  sown  in  both  cases. 
Germination  occurred  in  11  percent  more  of  the  spots  sown  by  trained 
technicians  than  in  the  crew-sown  spots  where  depth  of  covering 
varied  from  */i  to  1  inch. 

A  plantation  of  mixed  2-0  and  2-2  nursery  stock  of  white  pine 
adjacent  to  the  Kaniksu  seeded  area  afforded  a  comparison  of  seeding 
and  planting.  At  the  end  of  the  first  growing  season  both  areas  were 
equally  well  stocked;  68  percent  of  the  planted  trees  were  alive  and 
68  percent  of  the  seed  spots  had  one  or  more  seedlings.  Second-  and 
third-year  survival  of  the  planted  trees  was  not  recorded,  but  fifth- 
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year  stocking  on  the  seeded  area  showed  a  net  decrease  of  only  1  per- 
cent below  that  of  the  first  year.  Hence  at  the  end  of  the  fifth  year 
stocking  on  the  seeded  area  was  probably  as  good  as  on  the  planted 
area. 

Three  test  areas  of  10  acres  each  were  sown  in  the  fall  of  1039  to 
determine  whether  both  poisons  used  in  the  previously  described  ex- 
periments were  necessary  for  rodent  control.  On  one  area  white  pine 
seed  coated  with  the  poisonous  mixture  was  sown,  on  the  second  pre- 
poisoning  with  thallium-treated  bait  was  tested,  and  on  the  third  both 
poison  coating  and  prepoisoning  were  tried. 

These  three  areas  were  on  north-facing  slopes  in  the  Kalispell 
Creek  drainage  in  the  Kaniksu  National  Forest  and  were  selected 
for  similarity  of  site.  All  of  the  areas  were  prescribed  burned  in  the 
fall  of  1939.  Seed  of  white  pine  was  sown  on  the  three  areas  in  spots 
8  feet  apart  with  approximately  25  seeds  per  spot.  Nine  sample  plots 
with  25  seed  spots  each  were  installed  on  each  area. 

The  results  (table  4)  of  this  experiment  show  rather  conclusively 
that  the  use  of  poison-coated  seed  contributed  very  little  to  rodent 
control.  Fifth-year  stocking  on  the  area  where  only  poison-coated 
seed  constituted  protection  from  rodents  was  40  percent  less  than  the 
average  stocking  of  the  area  prepoisoned  and  sown  to  poisoned  seed 
and  the  area  prepoisoned  only.  The  fifth-year  stocking  on  the  area 
on  which  both  poisons  were  used  was  essentially  the  same  as  on  the 
area  prepoisoned  only.  The  indications  are  that  direct  seeding  could 
be  simplified,  and  the  cost  reduced,  by  eliminating  the  poison  coating 
on  seeds. 

Table  4. — Effect  of  two  methods  of  rodent  control,  used  singly  and  in 
combination,  on  stocking  of  western  white  pine  sown  in  seed  spots 


Stocking 

Method 

First 
year 

Second 
year 

Third 
year 

Fifth 
year 

Seeds  coated  with  poison 

Percent 
27 
71 
63 

Percent 
40 
71 

67 

Percent 
41 
70 

68 

Percent 
41 

Area  baited 

70 

Area  baited  and  seeds  coated  with  poison. 

67 

COMPARISON  OF  BROADCAST  AND  SPOT  SOWING 


A  comparison  of  spot  sowing  and  broadcast  sowing  using  white 
pine  and  Douglas-fir  (Pseudotmga  taxi  folia)  seed  was  made  in  the 
fall  of  1939  to  determine  the  relative  success  of  the  two  methods.  The 
experiment  was  conducted  on  a  140-acre  prescribed  burn  near  the  head- 
waters of  the  North  Fork  of  the  Coeur  d'Alene  River  in  the  Coeur 
d'Alene  National  Forest.  Hulled  sunflower  seeds  treated  with  thal- 
lium sulfate  were  spread  over  40  acres  of  this  area  on  a  north-facing 
slope  about  1  month  after  the  area  was  burned,  using  the  same  method 
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of  spreading  as  in  the  previous  tests.  White  pine  seed  was  sown  1 
week  after  the  poisoning  and  Douglas-fir  seed  was  sown  3  weeks  after 
the  poisoning. 

Seed  of  both  species  also  was  coated  with  the  mixture  of  plaster, 
dextrine,  corn  meal,  and  strychnine  before  sowing  because  it  had  not 
yet  been  determined  that  this  method  was  ineffective  in  preventing 
rodent  damage.  The  40-acre  tract  was  divided  into  four  plots  of 
approximately  10  acres  each.  One  plot  was  spot-sown  with  white 
pine  seed,  a  second  was  spot-sown  with  Douglas-fir  seed,  the  third  was 
broadcast-sown  with  white  pine  seed,  and  a  fourth  was  broadcast-sown 
with  Douglas-fir. 

The  spot  sowing  was  made  with  about  20  seeds  per  spot  and  680 
spots  per  acre,  using  the  same  technique  as  in  the  previous  tests.  In 
broadcast  sowing  the  seeds  were  scattered  by  hand  by  a  crew  of  five 
men  spaced  12  feet  apart.  About  50,000  seeds  per  acre  were  scattered 
on  the  broadcast-sown  area,  but  only  14,000  seeds  per  acre  were  used 
in  the  spot  sowing. 

Nine  screened  enclosures,  4  by  12  feet  in  size,  were  installed  in  the 
broadcast-sown  areas  to  provide  a  check  on  the  effectiveness  of  the 
poisons.  For  spot  sowing  nine  sample  plots  were  marked  off  for  each 
of  the  two  species.  Each  sample  plot  consisted  of  50  crew-sown  spots, 
25  of  which  were  screened  as  protection  against  rodents.  To  compare 
seed-spot  and  broadcast  sowing  the  latter  area  was  sampled  by  marking 
off  four  rows  of  64-square-foot  circular  plots,  spaced  at  intervals  of 
0.5  chain  (33  feet)  within  rows.  Plots  of  this  size  were  considered 
equivalent  to  one  seed  spot  where  spots  were  sown  at  8-foot  intervals. 

The  effectiveness  of  the  poisons  in  controlling  rodents  on  this  area 
was  not  as  good,  judged  by  the  initial  germination,  as  in  the  previously 
described  experiments.  First-year  germination  of  western  white  pine 
(table  5)  was  below  that  of  Douglas-fir,  but  second-year  germination 
of  western  white  pine  increased  stocking  until  at  the  end  of  the  second 
growing  season  it  was  greater.  Subsequent  increases  in  stocking  of 
broadcast-sown  white  pine  appeared  to  result  from  failure  to  find  all 
the  seedlings  during  the  first  and  second  year  after  germination,  a 
difficulty  not  experienced  on  spot-sown  areas. 

The  count  made  at  the  end  of  the  fifth  season  showed  that  broad- 
cast-sown white  pine  had  attained  a  good  degree  of  stocking,  and 
spot-sown  white  pine  only  fair  stocking.  Douglas-fir  made  a  poor 
snowing  by  both  methods. 

Broadcast  and  spot  sowing  of  white  pine  resulted  in  497  stocked 
sampling  units  and  320  stocked  spots  per  acre,  respectively,  5  years 
after  sowing.  Fifth-year  stocking  of  Douglas-fir  was  197  and  177 
sampling  units  and  stocked  spots  per  acre  on  the  broadcast-  and  spot- 
sown  areas,  respectively. 

Although  the  results  of  this  test  favored  broadcast  sowing,  both 
methods  of  seeding  must  be  compared  with  planting  in  extensive  tests 
with  respect  to  costs  and  stocking  before  the  better  method  of  re- 
forestation can  be  finally  determined.  In  broadcast  sowings,  each 
seedling  is  usually  free  to  grow  without  competition  from  neighbor- 
ing trees  during  the  early  stages  in  stand  development.  In  spot  sow- 
ing, however,  probably  only  one  of  the  several  trees  that  start  to 
grow  in  each  spot  should  be  permitted  to  remain  for  long  if  good 
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form  and  growth  are  to  be  attained.  Tims  a  thinning  operation  may 
be  necessary  in  spot  sowings  if  competition  does  not  eliminate  the 
extra  trees.     Such  thinning  would  add  considerably  to  the  cost. 

Ponderosa  Pine 

Good  stocking  from  artificial  reforestation  in  the  ponderosa  pine 
type  forests  of  the  northern  Rocky  Mountain  region  is  more  difficult 
to  obtain  than  that  in  western  white  pine  type,  mainly  because  of  the 
lower  precipitation  and  the  consequent  drier  sites.  Plantation  sur- 
vival records  show  that  failure  of  plantations  on  true  ponderosa  pine 
sites  has  been  more  frequent  than  success.7  Another  factor  contribut- 
ing to  plantation  failures  on  many  ponderosa  pine  sites  may  be  the 
large  quantity  of  rock  fragments  in  the  soil  which  makes  use  of  the 
standard  planting  technique  for  the  region  very  difficult.  The  plant- 
ers have  difficulty  in  getting  tree  roots  deep  enough  and  properly 
spread  for  efficient  moisture  absorption.  In  packing  the  soil  around 
the  roots,  sharp  edges  of  rock  fragments  may  cause  mechanical  damage 
to  the  roots. 

As  many  deforested  ponderosa  pine  sites  are  readily  accessible  for 
future  logging  and  are  potentially  good  timber-producing  sites,  the 
problem  of  obtaining  initial  establishment  of  trees  on  such  sites  is 
important.  The  mechanical  difficulties  encountered  in  planting  on 
sites  with  rocky  soils  are  not  important  in  seeding.  Assuming,  on 
the  basis  of  evidence  previously  obtained  for  white  pine,  that  rodent 
control  is  essential  for  successful  seeding,  the  problem  becomes  one 
of  determining  whether  the  previously  tested  rodent  control  methods — 
screens  and  poisons— are  effective  in  the  ponderosa  pine  type  and 
whether  seedlings  will  survive  under  the  rigorous  site  conditions. 

Two  plots  of  ponderosa  pine  were  established  to  determine  first 
whether  ponderosa  pine  seeds  would  germinate  where  screens  were 
used  as  protection  against  rodent  depredations,  and  second  whether 
any  resulting  seedlings  would  survive  either  with  or  without  the  pro- 
tection of  screens.  Both  of  these  plots  were  in  the  Ninemile  Creek 
drainage  on  the  Lolo  National  Forest,  Mont.,  on  old  logging  areas 
which  were  burned  after  cutting. 

The  first  of  these  plots  was  sown  with  ponderosa  pine  seed  in  the 
fall  of  1939  on  a  north-facing  deforested  slope.  The  soil  on  the  area 
contained  many  rock  fragments  and  supported  a  sparse  sod  cover.  A 
planting  with  nursery-grown  trees  on  the  same  area  1  year  prior 
to  the  direct  seeding  test  failed.  A  second  planting  was  made  on 
the  same  site  in  the  spring  of  1940,  using  2-2  ponderosa  pine  seedlings. 
This  plantation  provided  a  comparison  of  first-year  survival  for 
direct  seeding  and  tree  planting  during  the  same  growing  season. 

The  seeding  experiment  contained  nine  subplots  spaced  2  chains 
apart  in  a  3  by  3  arrangement.  Each  subplot  contained  25  seed  spots 
which  were  prepared  by  scalping  the  light  sod  cover  from  areas  about 
18  inches  in  diameter,  using  a  hazel  hoe.  About  20  seeds  were  sown 
in  each  spot.  All  spots  were  protected  with  conical  screens  from 
the  time  of  sowing  until  germination  was  completed.     After  the 

7U.  S.  Forest  Service.  Annual  planting  report  for  the  calendar  year  1937. 
Region  One.     81  pp.,  illus.     1938.     [Processed.] 
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germination  count  on  this  plot  in  the  spring  of  1940,  screens  were 
removed  from  alternate  spots. 

At  the  time  of  the  germination  count  100  percent  of  the  spots  had 
one  or  more  seedlings.  Before  the  observers  had  left  the  plot,  however, 
the  seedlings  in  a  few  of  the  spots  from  which  screens  had  been  removed 
only  a  few  hours  had  been  clipped  off,  perhaps  by  rodents  or  grass- 
hoppers. Unfortunately,  no  attempt  was  made  to  identify  the  causal 
agent,  because  its  capacity  for  destruction  of  seedlings  was  not  fore- 
seen. An  examination  1  month  later  revealed  that  every  seedling 
had  been  clipped  in  all  but  1  percent  of  the  spots  from  which  the 
screens  had  been  removed.  Seedlings  in  the  spots  where  screens  were 
left  in  place  were  undisturbed.  At  the  end  of  the  first  growing  season 
the  number  of  surviving  seedlings  in  screened  spots,  however,  was 
only  31  percent  of  the  number  present  after  completion  of  germination. 

Practically  all  of  the  mortality  in  screened  spots  appeared  to  have 
been  caused  by  drought  or  excessive  heat.  The  remaining  live 
seedlings  were  distributed  in  67  percent  of  the  screened  spots;  hence 
stocking  was  satisfactory  and  far  better  than  in  the  adjacent  planta- 
tion where  only  15  percent  of  the  trees  were  alive  at  the  end  of  the 
first  growing  season.  Sixth-year  stocking  was  53  percent  with  an 
average  of  4  seedlings  per  stocked  spot.  At  the  time  of  the  sixth-year 
examination,  cutting  damage  was  observed  in  20  percent  of  the  seed 
spots. 

The  second  plot  was  sown  in  the  fall  of  1940  on  a  south-facing  slope. 
Although  the  aspect  on  this  plot  was  more  severe  than  on  the  first 
one,  conditions  were  somewhat  more  favorable  for  regeneration  as 
judged  by  the  heavier  sod  and  the  lesser  quantity  of  rock  fragments 
in  the  soil. 

The  installation  on  this  area  was  the  same  as  on  the  first  area  except 
that  50  spots  were  sown  in  each  subplot  instead  of  25.  Screens  were 
removed  from  one-half  of  the  spots  of  each  subplot  at  the  time  of 
the  germination  count  in  June  1941,  and  from  the  remaining  spots 
at  the  end  of  the  first  growing  season. 

Results  on  this  plot  were  considerably  better  than  from  the  earlier 
test.  The  superiority  of  first-year  stocking,  which  was  82  percent, 
may  be  attributed  to  the  unusually  wet  growing  season  of  1941  and 
is  not,  perhaps,  indicative  of  what  might  be  expected  in  a  season  of 
normal  precipitation. 

The  spots  from  which  the  screens  were  removed  shortly  after  the 
seeds  had  germinated  were  found  to  be  59  percent  stocked  at  the  end 
of  the  first  growing  season  in  contrast  to  1  percent  in  the  earlier  ex- 
periments where  practically  all  seedlings  on  unscreened  plots  were 
destroyed  by  the  unidentified  biotic  agent.  Stocking  was  45  percent 
on  the  screened  spots  and  40  percent  on  the  unscreened  spots,  with 
an  average  of  two  seedlings  per  stocked  spot  in  both  cases,  at  the  end 
of  the  fifth  growing  season.  After  five  growing  seasons  the  seedlings 
are  still  in  an  unfavorable  competitive  position  with  respect  to  grass 
and  other  vegetation.  The  average  height  of  the  dominant  seedlings 
on  the  seed  spots  was  0.44  foot.  On  the  north  slope  test  of  1939  the 
average  height  of  dominant  seedlings  was  0.55  foot  after  six  growing 
seasons.  Recent  seedling  losses  on  the  later  experiment  appear  to  be 
due  to  smothering  by  grass  and  fallen  leaves,  but  few  of  the  seedling 
losses  were  due  to  competition  in  the  earlier  test. 
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Another  test  area.  50  acres  in  extent,  was  sown  in  the  fall  of  1940 
in  the  Bimeriek  Creek  drainage  in  the  Xezperce  Xational  Forest  to 
determine  if  ponderosa  pine  seedlings  could  be  established  where 
poisons  for  rodent  control  were  used.  This  area  is  near  the  transition 
zone  between  ponderosa  pine  and  western  white  pine  and  may  be 
more  favorable  for  the  establishment  of  tree  seedlings  than  typical 
ponderosa  pine  sites.  The  seeded  area,  however,  had  been  burned 
several  times  and  at  the  time  of  sowing  was  covered  with  a  moderately 
dense  shrub  layer  consisting  mainly  of  snowbrush  ceanothus  ( Cea- 
nothus  velutinus.)  With  respect  to  burning  and  kind  of  shrubby 
vegetation,  the  site  was  typical  of  many  needing  reforesting  in  the 
ponderosa  pine  type. 

Rodent  control  on  the  area  consisted  of  spreading  thallium  sulfate- 
coated  sunflower  seed  over  the  area  at  the  rate  of  1  pound  of  bait  per 
acre.  In  addition  to  baiting  the  50  acres  which  were  to  be  seeded,  a 
300-foot  wide  border  strip  around  the  plot  was  baited.  Ponderosa 
pine  seed,  coated  with  a  mixture  of  plaster  of  paris.  dextrine,  corn  meal, 
and  strychnine  alkaloid  were  sown  1  week  after  the  baiting.  The 
sowing  technique  and  the  spacing  used  on  this  area  were  the  same  as  in 
the  previously  described  tests  on  white  pine  when  these  poisons  were 
used  for  rodent  control. 

Nine  sample  plots,  containing  25  seed  spots  each,  were  distributed 
systematically  over  the  area.  Beside  each  of  these  plots  25  screened 
spots  were  sown  to  determine  the  effectiveness  of  the  poisons  in  con- 
trolling rodents.  Germination  occurred  in  75  percent  of  the  un- 
screened spots,  hence  it  appears  the  poisons  were  effective  in  pre- 
venting rodent  depredations  during  the  time  between  sowing  and 
germination. 

At  the  end  of  the  first  growing  season,  surviving  seedlings  stocked 
91  percent  of  the  screened  spots  but  only  14  percent  of  the  unscreened 
spots.  Practically  all  of  the  mortality  in  the  unscreened  spots  was 
caused  by  cutting.  Grasshoppers,  which  infested  the  area  in  unusually 
large  numbers,  were  believed  to  have  done  the  cutting  damage.  Xo 
evidence  of  cut  seedlings  was  found  in  the  screened  spots.  At  the  end 
of  five  growing  seasons,  stocking  was  41  percent  on  spots  screened  the 
first  year  but  only  3  percent  on  unscreened  spots.  Mortality  during 
the  second  and  third  years  was  due  chiefly  to  cutting,  drought,  and 
smothering  by  fallen  leaves  from  the  brush  which  by  the  third  year 
had  become  very  dense. 

These  experiments  indicate  that  even  though  abundant  germination 
of  seed  is  obtained,  biotic  agents  may  destroy  the  seedlings.  First-year 
damage  may  be  prevented  on  some  areas  by  the  use  of  screens,  but  on 
other  areas  cutting  agents  continue  to  be  a  serious  cause  of  seedling 
losses  for  several  years.  If  satisfactory  stocking  can  be  obtained  by 
using  screens  on  typical  deforested  ponderosa-pine  sites,  the  ultimate 
cost  of  this  method  might  compare  more  favorably  with  that  of  plant- 
ing, despite  the  high  initial  expense  for  screening.  More  efficient  and 
It--  expensive  methods  of  screening,  such  as  those  developed  by  Keyes 
and  Smith  |  S ) .  should  be  given  a  trial  in  this  region. 

"Where  grass  conipetition  is  a  factor  the  preparation  of  large  seed 
spots  may  improve  stocking  by  alleviating  the  stress  of  competition 
for  a  longer  time.     Perhap>  seed  spots  21  L>  to  3  feet  in  diameter  might 
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be  used  successfully  here  as  they  have  been  on  areas  in  the  southern 
Appalachians  occupied  by  dense  herbaceous  and  low  shrubby  vege- 
tation.8 Large  seed  spots  have  also  been  recommended  in  the  Lake 
States  (10). 

Western  Redcedar 

Western  redcedar,  a  small-seeded  species  (approximately  300,000 
seeds  per  pound)  (13),  is  an  important  component  of  western  white 
pine.  Its  stumpage  value  often  exceeds  that  of  white  pine  when  the 
two  species  are  compared  on  a  board-measure  basis.  As  the  cutting  of 
western  redcedar  for  poles  exceeds  the  growth,9  a  satisfactory  regenera- 
tion method  is  needed. 

Very  little  western  redcedar  has  been  planted  in  reforestation 
projects  in  this  region  because  nursery  stock  is  rather  difficult  and  ex- 
pensive to  produce.    In  the  few  field  trials  survival  has  been  poor. 

A  number  of  areas  in  the  Kaniksu  and  Coeur  d'Alene  National 
Forests  have  been  seeded  to  western  redcedar  to  determine  (1)  whether 
the  seeds  are  sufficient^  small  to  escape  extensive  destruction  by  seed- 
eating  rodents,  (2)  whether  spring  or  fall  is  the  better  season  for 
sowing,  and  (3)  what  kinds  of  sites  may  be  suitable  for  reforestation 
by  seed  sowing.  Five  plots,  each  containing  9  subplots  in  a  3  by  3 
arrangement  with  25  seed  spots  per  subplot,  were  sown  in  the  fall  of 
of  1938  and  5  more  in  the  spring  of  1939.  Six  fall-sown  plots  of 
the  same  design  were  established  in  1939  and  1940. 

Fall  sowing  resulted  in  better  stocking  in  four  of  the  five  tests  of 
spring  versus  fall  sowing  (table  6).  Both  spring  and  fall  sowings 
resulted  in  failure  the  first  year  in  the  fifth  case.  The  second^ear 
stocking  of  spring-sown  plots  averaged  21  percent  lower  than  on  fall- 
sown  plots. 

Good  germination  on  most  of  the  tests  on  all  but  the  most  unfavor- 
able areas  indicated  that  seed-eating  rodents  were  not  a  menace  to  the 
direct  seeding  of  redcedar.  Issac  10  came  to  the  same  conclusion  in 
trials  of  broadcast  sowing  of  small -seeded  species  in  the  Pacific  North- 
west. 

The  success  of  sowing  seemed  to  be  associated  with  the  amount  of 
low  vegetation  and  kind  of  soil.  Fifth-year  stocking  on  the  11  plots 
ranged  from  97  percent  of  full  stocking  to  complete  failure.  Good 
to  excellent  seedling  establishment  was  found  on  fresh  burns  and  seed 
tree  cutting  areas  on  which  there  developed  up  to  a  moderate  plant 
cover  of  shrubs  and  herbs.  Unsatisfactory  establishment  resulted 
from  seedings  on  brushfields.  On  one  brushfield  sown  in  1940  poor 
stocking  was  caused  mainly  by  fallen  leaves  from  the  overhead  shrubs 


8  Minckler,  L.  S.  Preliminary  results  of  experiments  in  reforestation  of  cut- 
over  and  burned  spruce  lands  in  the  southern  Appalachians.  Appalachian  Forest 
Expt.  Sta.  Tech.  Note  No.  47.     5  pp.,  illus.     1941.     [Processed.] 

9  Cummings,  L.  J.,  and  Varney,  R.  M.  Western  redcedar  pole  resources  in  north 
Idaho  and  northeastern  Washington.  Northern  Rocky  Mountain  Forest  and 
Range  Expt.  Sta.  Forest  Survey  Release  No.  10.    30  pp..  illus.     1939.     I  Processed.] 

10 Isaac,  L.  A.,  Reforestation  by  broadcast  seeding  with  small-seeded  species. 
Pacilic  Northwest  Forest  Expt.  Sta.,  Forest  Res.  Notes  27:  9-10,  illus.  1939, 
[Processed.] 
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which  smothered  the  very  small,  slow  growing  seedlings.     Drought 

probably  accounted  for  sonic  of  the  losses,  however,  because  the  sandy 
soil  was  susceptible  to  rapid  drying.  On  a  second  brushfield  area 
both  spring  and  fall  seedlings  failed  during  the  first  year  probably 
because  of  drought.  In  the  latter  case,  smothering  by  fallen  leaves 
was  not  a  primary  factor  in  mortality  because  most  of  the  seedlings 
died  before  the  leaves  fell. 

Similar  observations  of  the  effects  of  ground  cover  on  seedling 
survival  have  been  made  in  the  Lake  States.  Shirley  (77)  observed  in 
that  region  that  low  vegetation  often  is  a  serious  inhibiting  factor  in 
the  establishment  of  conifers.  Extensive  seedling  losses  from  smother- 
ing were  also  observed  by  Stoeckeler  and  Limstrom  (12)  in  furrow 
seeding  in  the  Lake  States. 

Seeding  on  two  areas  with  sandy  soil  resulted  in  unsatisfactory 
stocking  in  one  case  and  only  partially  satisfactory  stocking  in  the 
other.  On  the  first  area,  a  flat,  drought  was  the  principal  cause  of 
seedling  losses.  On  the  second  area,  a  rather  steep  slope,  unstable 
soil  was  an  additional  factor.  Some  seed  spots  were  washed  away 
and  others  were  covered  up.  Thus  soil  appears  to  be  important  in 
two  wa}-s :  (1)  Light  or  sandy  soils  may  be  too  dry  to  enable  the  short- 
rooted  redcedar  seedlings  to  maintain  a  favorable  root  penetration- 
soil  moisture  balance;  (2)  light  soils  tend  to  be  unstable  on  steep 
slopes,  causing  loss  of  seedlings  through  both  erosion  and  washing-in 
of  soil. 

The  early  growth  of  redcedar  seedlings  is  very  slow.  Five  years 
after  sowing,  very  few  of  the  dominants  exceeded  0.5  foot  in  height 
and  the  great  majority  were  less  than  0.2  foot  high.  Their  small  size 
makes  them  susceptible  to  smothering  by  fallen  leaves  and  eroded  soil. 

Their  tolerance,  however,  enables  them  to  persist  in  competition 
with  other  vegetation,  when  they  are  not  smothered  by  such  vegetation. 
The  average  stocking  over  a  5-year  period  for  all  redcedar  plots  except 
the  two  failures  was  90  percent  at  time  of  germination,  79  percent 
the  first  year  after  sowing,  62  percent  the  second  year,  58  percent  the 
third  year,  and  53  percent  the  fifth  year.  The  trend  indicates  that 
the  decrease  in  stocking  is  leveling  off  and  that  very  little  mortality 
is  to  be  expected  after  5  years  from  the  time  of  sowing.  The  average 
stocking  of  53  percent  at  the  end  of  5  years  was  considerably  better 
than  the  20  percent  reported  for  planting  stock  of  redcedar  and 
is  comparable  to  the  regional  average  of  50  percent  for  white  pine 
plantations  (9). 

Engelmann  Spruce 

Engelmann  spruce  is  one  of  the  species  commonly  used  in  this  region 
for  planting,  especially  on  areas  outside  the  zone  of  white  pine  blister 
rust  protection.  Costs  for  planting  stock  have  been  higher  than  for 
other  commonly  used  species. 

Two  tests,  among  the  first  four  described  previously,  indicated  that 
protection  from  rodents  may  be  unnecessary  in  sowing  Engelmann 
spruce  because  the  small-sized  seeds  were  apparently  unattractive  to 
rodents.  Two  additional  tests,  established  on  north  slopes  in  the  fall 
of  1940  on  Slate  Creek,  Kaniksu  National  Forest,  and  Fish  Creek, 
Clearwater  National  Forest,  did  not  entirely  corroborate  the  first  tests. 
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The  Slate  Creek  area  was  prescribed  burned  in  1938.  The  Fish  Creek 
area  was  a  severe  natural  burn  of  1934.  Each  plot  consisted  of  9  pairs 
of  subplots  in  a  3  by  3  arrangement  with  25  seed  spots  per  subplot. 
Protection  from  rodents  was  obtained  with  wire  screens  on  one  subplot 
of  each  pair.  The  screens  were  removed  when  germination  was  com- 
pleted.    The  other  subplot  was  unprotected. 

On  the  Slate  Creek  test,  germination  under  screens  stocked  90 
percent  of  the  seed  spots  with  an  average  of  10  seedlings  per  stocked 
spot.  Germination  occurred  on  79  percent  of  the  unscreened  spots, 
resulting  in  an  average  of  6  seedlings  per  stocked  spot.  After  com- 
pletion of  germination,  84  percent  of  the  screened  spots  on  the  Fish 
Creek  test  were  stocked  with  an  average  of  12  seedlings  per  successful 
spot.  Germination  stocked  70  percent  of  the  unscreened  spots  with 
an  average  of  5  seedlings  per  stocked  spot.  The  difference  in  stocking 
and  numbers  of  seedlings  on  protected  and  unprotected  spots  in  the 
two  tests  probably  may  be  accounted  for  largely  by  rodent  activity  on 
the  unscreened  spots. 

After  the  protecting  screens  on  the  Slate  Creek  test  were  removed, 
seedling  losses,  although  rather  serious,  have  been  about  the  same  on 
the  formerly  screened  spots  as  on  the  unscreened  spots.  Third-year 
stocking  was  51  and  39  percent  with  an  average  of  six  and  three  seed- 
lings per  stocked  spot  on  spots  formerly  screened  and  unscreened, 
respectively.  On  the  Fish  Creek  test  the  unscreened  spots  failed. 
Stocking  1  year  after  sowing  was  1  percent.  After  the  first  growing 
season,  stocking  on  screened  spots  was  also  unsatisfactory.  Only  23 
percent  of  the  spots  contained  one  or  more  live  seedlings.  Failure  of 
this  seeding  was  due  to  the  severe  site  as  evidenced  by  the  almost 
complete  lack  of  vegetation. 

The  limited  amount  of  data  on  Engelmann  spruce  shows  that  where 
seed  of  other  species  was  available,  very  little  rodent  damage  to  spot- 
sown  Engelmann  spruce  occurred.  Where  no  other  tree  seeds  were 
available,  appreciable  destruction  of  spot-sown  seed  occurred  in  the 
absence  of  rodent-control  measures.  Successful  establishment  of 
spruce  was  obtained  only  on  the  better  sites.  With  data  from  only 
four  plots,  however,  more  tests  are  needed  before  the  possibilities  for 
seeding  this  species  can  be  determined. 

Comparative  Costs  of  Direct  Seeding  and  Tree  Planting 

The  records  of  costs  and  production  rates  kept  in  connection  with 
the  large  scale  pine-seeding  tests  indicate  that  the  total  costs  of  seed 
spotting  by  the  methods  used  about  equaled  those  for  tree  planting 
by  the  Forest  Service  administrative  force  on  comparable  sites. 

Labor  for  sowing  or  planting,  which  is  the  largest  single  invest- 
ment item,  was  found  to  be  practically  identical  per  unit  for  planting 
a  tree  or  preparing  and  planting  a  seed  spot.11  Average,  well-trained 
workers  can  plant  about  700  trees  or  seed  spots  per  8-hour  day  on  the 
freshly  burned  areas    where  direct  seeding  has  the  greatest  promise. 

11 G.  M.  DeJarnette  and  W.  C.  Cushraan,  Division  of  Timber  Management, 
Region  1,  U.  S.  Forest  Service,  assisted  in  the  preparation  of  the  estimates  on 
production  rates  and  costs. 
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The  principal  time  or  cost  element  in  preparation  of  a  seed  spol  is 
that  involved  in  scalping  (removing  the  humus  and  roots  from  an 
18-inch  circle  of  soil  with  a  hazel  hoc).  Dropping  and  covering  the 
seeds  takes  but  a  moment.  Tree  planting,  performed  in  this  region 
by  the  slit  method,  with  a  special  planting  hoe,  requires  no  more  time 
than  that  for  the  preparation  and  planting  of  seed  spots  by  the  method 
described. 

The  rough  terrain  and  the  logs  found  scattered  over  the  ground 
on  most  potentially  favorable  seed-spotting  sites  make  it  impracti- 
cable to  use  mechanical  methods  for  seed  planting  that  reduce  labor 
costs,  such  as  seeding  with  garden  drills  in  plowed  furrows  (10,  ].!). 
In  some  other  regions  special  planting  tools,  something  like  a  corn 
planter,  have  been  designed  (7, 16).  None  of  these  tools  were  tested 
in  the  experiments  reported  here.  There  is  a  possibility  that  the  labor 
of  seed  sowing  can  be  reduced  by  using  such  tools,  although  the  out- 
look is  not  particularly  promising. 

The  seed  used  in  spot  sowing  trials  with  western  white  pine  and 
ponderosa  pine  had  almost  the  same  value  as  the  numbers  of  2-0 
nursery-grown  trees  of  the  same  species  needed  to  reforest  equal  areas. 
Seed  is  considerably  less  expensive,  however,  than  2-2  western  white 
pine  or  1-2  ponderosa  pine,  the  classes  of  nursery  stock  usually  pre- 
ferred for  field  planting. 

Western  white  pine  seed  for  the  sowing  of  800  spots  per  acre  cost 
$3.34  (0.835  lb.  at  about  $4)  ;  ponderosa  pine  seed  $3.64  (1.7  lbs.  at 
$2.14)  in  1940-45.  Eight  hundred  2-0  western  white  pine  seedlings 
delivered  to  the  planting  site  cost  $3.60;  2-0  ponderosa  pine  $3.20; 
2-2  white  pine  $7.20;  1-2  ponderosa  pine  $5.60.  The  cost  of  seed 
could  be  substantially  reduced  by  sowing  fewer  seeds  per  spot,  but  the 
seedling  establishment  records  do  not  indicate  that  it  would  have  been 
safe  to  materially  reduce  the  numbers. 

Broadcast  sowing  with  western  white  pine  can  hardly  be  considered 
practical  because,  although  it  results  in  a  considerable  saving  of  labor, 
it  requires  almost  four  times  as  much  seed  as  spot  sowing,  or  more 
than  $12  worth  of  seed  per  acre. 

The  spreading  of  poison  bait  for  rodent  control  preparatory  to 
direct  seeding  required  about  2  man-hours  of  labor  per  acre.  The 
poisoned  sunflower  seed  bait  used  in  these  experiments  cost  only  about 
25  cents  per  acre.  Prepoisoning  is  an  added  cost  of  direct  seeding 
that  tends  to  offset  the  savings  made  on  planting  stock. 

The  cost  of  seed  for  spot  sowing  with  western  redcedar  or  Engel- 
mann  spruce  is  substantially  less  than  for  nursery  planting  stock,  be- 
cause a  pound  of  seed  of  either  of  these  species  will  cover  a  much  larger 
area.  It  is  estimated  that  1  pound  of  Engelmann  spruce  seed,  which 
cost  about  $4.20  in  1940-45,  is  sufficient  to  sow  10  acres,  or  at  the  rate 
of  42  cents  per  acre.  One  pound  of  western  redcedar  seed,  costing 
around  $6.30  per  pound,  should  be  sufficient  to  sow  at  least  25  acres 
or  at  the  rate  of  25  cents  per  acre.  In  contrast,  nursery  stock  of  these 
species  of  acceptable  size  (2-2  or  older)  will  cost  not  less  than  $7  or  $8 
per  acre. 

If  thinning  of  seed  spots  is  found  to  be  necessary,  the  cost  must 
be  charged  against  direct  seeding. 
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POSSIBILITIES  FOR  USE  OF  DIRECT  SEEDING  IN 
FOREST  MANAGExMENT  PRACTICE 

The  studies  which  have  been  described  and  the  results  of  earlier 
work  indicate  strongly  that  freshly  burned  northerly  slopes  and  flats 
are  the  most  promising  situations  for  reforestation  by  direct  seeding 
in  the  western  white  pine  type.  Such  areas  make  up  an  appreciable 
portion  of  this  timber  type. 

Davis  and  Klehm  ( 1 )  concluded  that  one  of  the  best  ways  to  regen- 
erate old,  overmature  white  pine  stands  is  to  slash  the  residual  unmer- 
chantable timber  following  logging,  broadcast  burn  the  debris,  and 
reforest  artificially. 

Other  large  areas  suited  to  reforestation  by  direct  seeding  are  old 
single  burns  and  logged  areas.  Such  debris-laden  areas  are  known 
to  be  the  most  serious  fire-control  problem  in  the  region.  Once 
started,  fires  in  such  areas  are  almost  impossible  to  stop,  and  often 
spread  into  valuable  adjoining  timbered  areas.  Cleaning  up  the 
debris  by  prescribed  burning  methods  during  safe  burning  periods  is 
one  solution.  Lyman12  has  estimated  that  from  700,000  to  1.600,000 
acres  might  be  cleaned  up  as  a  fuel  hazard  reduction  measure.  Such 
areas  should  of  course  be  promptly  restored  to  a  productive  state  by 
reforestation.  A  considerable  part  would  be  on  situations  where 
direct  seeding  has  promise  of  succeeding. 

Although  information  on  growth  rates  of  western  redcedar  is 
meager,  seeding  with  this  species  has  definite  advantages  which  could 
justify  its  limited  use  in  reforestation.  In  this  study  western  redcedar 
was  successfully  established  on  freshly  burned  north  slopes,  on  seed 
tree  cutting  areas,  and  in  residual  stands  of  western  hemlock  ( Tsuga 
heterophylla)  and  grand  fir  {Abies  grandis).  The  cost  of  redcedar 
seeds  required  per  acre  is  lower  than  for  any  other  species  used  in  the 
region.  Protection  from  rodents  and  from  blister  rust  is  unnecessary. 
A  high  value  product  in  the  form  of  redcedar  poles  can  be  grown  in 
120  years;  hence  on  suitable  sites  the  ratio  of  cost  of  production  to 
value  of  product  is  probably  more  favorable  for  this  species  than  for 
any  other  species  used  for  reforestation  in  the  region.  These  factors 
make  the  use  of  redcedar  worth  consideration  in  reforesting  highly 
productive  sites  where  blister  rust  control  is  difficult  or  impractical 
and  in  increasing  the  value  of  residual  stands  of  hemlock  and  grand 
fir  after  the  white  pine  is  cut  out. 

WORK  FOR  THE  FUTURE 

Many  possibilities  exist  for  improving  the  efficiency  of  rodent  control 
and  lowering  its  cost,  Xewer  and  more  effective  poisons  should  be 
investigated.  Knowledge  of  the  variations  in  rodent  populations  with 
respect  to  time  and  place  would  provide  a  means  of  calculating  the 
minimum  amount  of  bait  needed  for  adequate  control.  Possibilities 
of  poisoning  wildlife  other  than  rodents  in  trying  to  reduce  losses 
through   rodent   damage  should   be   determined   and   precautionary 

12  Lyman,  C.  K.  Principles  of  fuel  hazard  reduction.  U.  S.  Forest  Service, 
Northern  Rocky  Mountain  Forest  and  Range  Experiment  Station.  March  1945. 
I  Processed.] 
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measures  taken  if  necessary.  Permanent  bait  stations  in  the  form  of 
1 -quart  oil  cans  with  openings  large  enough  to  admit  only  a  mouse 
or  a  chipmunk  have  been  tried  in  New  Mexico  13  and  may  be  useful 
in  this  region.  An  open  field  exists  for  the  development  of  a  cheap 
self-disintegrating  screen  that  can  be  used  in  place  of  poisons  for 
rodent  control. 

New  techniques  developed  in  other  regions  may  be  adaptable  to  the 
northern  Rocky  Mountain  region.  Among  these  are  mechanical  sow- 
ing devices  which  may  speed  up  the  sowing  job.  The  use  of  pregermi- 
nated  seed,  mentioned  by  Maki 14  and  reported  as  promising  in  pre- 
liminary tests  by  Moss  15  should  be  given  adequate  trials. 

Follow-up  examinations  on  the  seeding  plots  of  this  project  should 
be  made  to  determine  whether  or  not  thinning  in  seed  spots  is  necessary 
and  to  obtain  information  on  growth  rates  of  the  different  species 
under  various  conditions. 

When  these  possibilities  and  problems  and  others  that  may  arise 
during  the  course  of  future  work  are  thoroughly  investigated,  the  full 
extent  of  the  usefulness  of  direct  seeding  as  a  means  of  reforestation 
in  the  northern  Rocky  Mountain  region  can  be  determined.  In  the 
meantime,  the  results  described  in  this  paper  will  serve  as  a  guide  for 
limited  use  of  the  method. 

SUMMARY 

In  the  northern  Rocky  Mountain  region  an  estimated  iy2  million 
acres  is  in  need  of  reforestation.  Planting  at  best  has  been  a  slow  proc- 
ess. The  experiments  with  direct  seeding  were  initiated  to  develop 
methods  to  supplement,  increase  the  flexibility  of,  or  lower  the  cost  of 
the  reforestation  program.  Specific  factors  chosen  for  study  included 
species,  rodent  damage  to  seed,  season  of  sowing,  and  cultivation  of  soil. 

Western  white  pine  was  successfully  spot  sown  on  freshly  burned 
north-facing  slopes  and  flats  within  the  western  white  pine  type  where 
protection  from  rodents  was  provided.  Effective  control  of  rodents 
was  attained  either  by  using  conical  wire  screens  over  seed  spots  or 
by  spreading  poisoned  bait  one  week  prior  to  seeding.  The  number  of 
seedlings  established  by  the  spot  sowing  method  on  these  sites  com- 
ared  favorably  with  the  number  of  nursery-grown  trees  established 
y  planting. 

Fall  sowing  of  western  white  pine,  ponderosa  pine,  Engelmann 
spruce,  and  western  redcedar  resulted  in  better  initial  stocking  than 
spring  sowing. 

Cultivation  of  seed  spots  at  the  time  of  sowing  on  burned-over  areas 
did  not  improve  the  germination  or  survival  of  western  white  pine, 
ponderosa  pine,  and  Engelmann  spruce. 

13  Southwestern  Forest  and  Range  Expt.  Sta.  annual  report  and  program,  cal- 
endar year  1939.     Forest  Service.     66  pp.     1940.     [Processed.] 

14  Maki,  T.  E.  Artificial  seeding  of  tree  species  in  the  Intermountain  region: 
present  status  and  future  possibilities.  In  Experimental  direct  seeding  by  the 
Forest  Service.     U.  S.  Forest  Service,     pp.  25-37.     1940.     [Processed.] 

16  Moss,  V.  D.  Preliminary  report  on  the  use  of  germinated  seed  as  a  method 
of  reforestation  for  western  white  pine.  Bureau  of  Entomology  and  Plant  Quar- 
antine.    Serial  No.  115.     27  pp.,  illus.     1943.     [Processed.] 
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Broadcast-sown  western  white  pine,  in  a  single  rest,  attained  a  higher 
stocking  than  spot -sown  white  pine.  The  broadcast  sowing  method, 
however,  is  of  rather  doubtful  utility  because  it  required  almost  four 
times  as  much  seed. 

The  poisoning  method  effective  in  seeding  in  the  western  white  pine 
type  was  also  effective  in  the  ponderosa  pine  type  for  controlling  ro- 
dent damage  to  the  seed.  But  poisoning  was  not  effective  in  controlling 
a  biotic  agent  which  cut  the  ponderosa  pine  seedlings  during  the  first 
growing  season.  Good  protection  of  seedlings  was  obtained  by  leaving 
seed  spots  covered  by  screens  for  1  year  after  sowing.  Reforestation 
by  the  screened  seed  spot  method  on  lightly  vegetated  deforested  areas 
in  the  ponderosa  pine  type  resulted  in  greater  early  establishment 
than  did  the  planting  of  nursery-grown  trees. 

Satisfactory  stocking  of  western  redcedar  was  obtained  without 
protection  of  the  seeds  from  rodents.  Seedling  establishment  was  best 
on  freshly  burned  north  slopes  having  comparatively  stable  soils  and 
on  seed-tree  cuttings  having  only  moderate  or  little  low  vegetation. 
Growth  of  the  seedlings,  however,  was  very  slow  during  the  first  5 
years  after  sowing. 

Engelmann  spruce  stocking  was  generally  better  where  the  seeds 
were  given  protection  from  rodents.  This  species  displayed  less 
promise  for  use  in  direct  seeding  than  the  pines. 

The  total  cost  for  direct  seeding  of  either  ponderosa  or  white  pine 
by  the  seed-spotting  method  was  found  to  average  about  one-third  less 
than  for  the  planting  of  transplanted  nursery  stock,  the  kind  of  stock 
usually  employed  in  the  northern  Rocky  Mountain  region.  Seed  spot- 
ting cost  about  the  same  as  the  planting  of  2-year-old  nursery  seed- 
lings. The  costs  of  seeding  western  redcedar  and  Engelmann  spruce 
were  substantially  lower  than  for  the  planting  of  2-2  nursery  stock 
of  these  species. 
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